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Description 



BIPOLAR TRANSISTOR WITH ISOLATION 
AND DIRECT CONTACTS 

Background of Invention 

[0001] The invention generally relates to bipolar transistor fabri- 
cation and, more particularly, to a heterojunction bipolar 
transistor (HBT) with isolation and direct contacts to the 
collector and emitter. 

[0002] A bipolar junction transistor is typically comprised of two 
back-to-back p-n junctions that share a thin common re- 
gion. Contacts are made to all three regions, two outer re- 
gions called the emitter and collector and the middle re- 
gion called the base. The device is called "bipolar" since 
its operation involves both types of mobile carriers, elec- 
trons and holes. 

[0003] HBTs are bipolar junction transistors that are composed of 
at least two different semiconductors. As a result, the en- 
ergy bandgap, as well as all other material properties, can 
be different in the emitter, base and collector. Moreover, a 



gradual change also called grading of the material is pos- 
sible within each region. The use of heterojunctions pro- 
vides an additional degree of design freedom, which can 
result in vastly improved devices compared to the homo- 
junction counterparts. 
[0004] Improvement of transistor performance, especially opera- 
tion speed, is an essential requirement for improved net- 
work communication and wireless systems. Bipolar tran- 
sistors with a silicon germanium ("SiGe") intrinsic base de- 
liver the type of performance required for such systems. A 
SiGe HBT is similar to a conventional silicon ("Si") bipolar 
transistor except for the base. SiGe, a material with a nar- 
rower bandgap than Si, is used as the base material. SiGe 
HBT speed performance of 350 GHz (f^) has been demon- 
strated. 

[0005] Unfortunately, however, collector resistance heavily influ- 
ences the maximum frequency (F ) at which a transistor 

max 

demonstrates useful (i.e., above unity) current gain. As 
transistor performance improves, the collector parasitic 
resistance (R^)becomes a limiting performance factor. 
High collector parasitic resistance limits f^ Both f^ and 
the effective time constant (principally a function of 
base transit time and collector space-charge transit time) 



limit F 

max 

[0006] Referring to Figure 1, tlie structure of a related bipolar 
transistor 100 includes a collector 130 contacted by a 
buried layer (also called a subcollector) 120 and a 
reachthrough 140. The buried layer 120 provides a hori- 
zontal path from beneath the active region of the transis- 
tor 100 to the reachthrough 140. The reachthrough 140 
provides a vertical path from the buried layer 120 to the 
surface of the device. The buried layer 120 is formed by 
high dose ion implantation followed by high temperature 
anneal and silicon EPI layer deposition. Depth trench iso- 
lation 110 and 115 and shallow trench isolation 125, 135 
and 145 are formed. The shallow trench isolation 135 and 
145 defines an area at the surface of the wafer for the 
reachthrough 140. A doping implant and anneal complete 
the formation of the reachthrough 140. The active part of 
the bipolar transistor 100 is formed on the Si EPI layer 
130. Polysilicon emitter 175 and extrinsic base 155 and 
160 regions are separated by dielectric 165 and 170. Fol- 
lowing dielectric layer deposition, vias 180 and 185 and 
metallization are formed on the top surface of the struc- 
ture to provide emitter 194, base 196, and collector 192 
electrodes. 



[0007] Such conventional structures face several drawbacks. One 
drawback relates to collector parasitic resistance, R^, 
which has three main components: the resistance verti- 
cally from the collector-base 130-150 junction to the 
buried layer 120, the resistance along the buried layer 
120, and the resistance from the buried layer 120 up to 
the collector contact 192. As f increases, R increases 

T c 

thereby limiting F Furthermore, because conventional 

max . 

HBTs are partially isolated, one to another, by a depth- 
trench that surrounds the device and by high doping im- 
plant regions around the depth-trench, well-to-substrate 
capacitance and device-to-device leakage current can af- 
fect negatively the device performance. 
[0008] Embodiments of the invention are directed to overcoming 
one or more of the problems as set forth above. 
Summary of Invention 

[0009] An embodiment of the invention includes a device, com- 
prising an active region including a collector region and 
an oxide layer formed over the collector region and having 
a conductive pathway in electrical contact with the collec- 
tor region. The device also includes a collector metal con- 
tact deposited over the oxide layer and the conductive 
pathway; wherein the conductive pathway through the ox- 



ide layer provides electrical contact between the collector 
metal contact and the collector region. 

[0010] Another embodiment of the invention includes a semicon- 
ductor device, comprising an emitter region and a base 
region deposited on a surface of the emitter region. The 
device also includes a passivation layer deposited about 
the emitter region and about an edge of the base region 
and a collector region deposited on the base region and 
electrically isolated from a substrate. The device further 
includes an oxide layer deposited about at least one side 
and on a surface of the collector region. 

[0011] Another embodiment of the invention includes a method 
of fabricating a device, comprising depositing a base layer 
on a first side of a collector layer and depositing an emit- 
ter layer on the base layer. The method also includes de- 
positing a first oxide layer on a second side of the collec- 
tor layer and etching a via through the first oxide layer 
from a top surface of the first oxide layer to the second 
side of the collector layer. The method further includes 
filling the via with a conductor to form an electrical path- 
way to the collector through the first oxide layer. 
Brief Description of Drawings 

[0012] Figure 1 is an illustration of a related art bipolar transis- 



tor; 

[0013] Figures 2-8 illustrate fabrication steps in accordance with 

an embodiment of the invention; and 
[0014] Figure 9 illustrates an embodiment of the invention. 

Detailed Description 

[0015] The invention relates to a bipolar transistor with the col- 
lector contacted directly by metallization to reduce collec- 
tor resistance and layout dimension. The transistor is also 
suitable for circuit integration. The conventional reach- 
through 140 and buried layers 120 (as shown in Figure 1) 
are eliminated, as well as their associated resistance. Also, 
the transistor is substantially isolated, nearly eliminating 
well-to-substrate capacitance and device-to-device leak- 
age current. Consequently, the structure provides for im- 
proved electrical performance, including improved f F 

T , max 

and drive current. 
[0016] Referring to Figure 2, an exemplary starting material is a 

15 -3 

p-type, lightly doped (~ 10 cm ), oriented, polished 
silicon wafer 205. An buried oxide layer (BOX) 210 is 
formed on top of the silicon substrate 205. Buried oxide 
layer 210 can have any suitable thickness. An N-type epi- 
taxial layer (N-EPI) 220 may be formed on buried layer 



210. N-EPI layer 220 can be formed using any conven- 
tional process, such as atmospheric chemical vapor depo- 
sition (CVD). 

[0017] After forming the N-EPI layer 220, active areas are defined 
such as, for example, by using a conventional shallow- 
trench isolation process to form oxide regions 215. The 
oxide regions 215 are deposited on top of the varied layer 
210 and against edges of collector 220. The oxide regions 
215 can be deposited by any of the conventional methods 
known in the art, such as, for example, chemical vapor 
deposition (CVD). After the oxide regions 215 and collec- 
tor 220 have been deposited, their top surfaces are pla- 
narized to form a level surface across the collector 220 
and adjoining oxide regions 215 using, for example, 
chemical mechanical etching. 

[0018] Once the collector 220 and oxide regions 215 have been 
planarized, a base region 225 formed of SiCe is deposited 
over the collector 220 and portions of the oxide regions 
215. The SiCe base region 225 is deposited so that it cov- 
ers the entire collector 220 but covers only portions of 
each adjoining oxide region 215, and may be formed by 
any suitable method well known in the art. 

[0019] After the SiCe base region 225 is formed, a polysilicon 



extrinsic base region 230, oxide regions 245, and emitter 
polysilicon region 240 are formed across tlie surface of 
tlie SiCe base region 225. Tlie polysilicon extrinsic base 
region 230 may also be referred to as a polysilicon extrin- 
sic base. Each one of the polysilicon extrinsic base region 
230, oxide regions 245 and emitter polysilicon 240 con- 
tact the SiGe base region 225. The emitter polysilicon 240 
is disposed proximate the center of the polysilicon extrin- 
sic base region 230 layer and is separated therefrom on 
each side by one of the oxide regions 245 using methods 
well known in the art. 
[0020] After the polysilicon extrinsic base region 230, oxide re- 
gions 245 and emitter polysilicon 240 are formed on the 
SiGe base region 225, a passivation layer 272 is de- 
posited. The passivation layer 272 covers both oxide re- 
gions 215, the SiGe base region 225, the polysilicon ex- 
trinsic base region 230, the oxide regions 245 and the 
emitter polysilicon 240. Once the passivation layer 272 is 
formed, via holes 235 and 250 are formed down to the 
polysilicon extrinsic base region 230 and the emitter 
polysilicon 240, respectively. The via holes 235 and 250 
may be formed by isotropic etching and are at least par- 
tially filled with a conductor such as, for example, metal- 



lization on the surface of each via. The via holes 235 and 
250 thus malce electrical contact to the extrinsic base 
polysilicon 230 and emitter polysilicon 240 respectively, 
through the passivation layer 272. 

[0021] After the via holes 235 and 250 are formed, each via hole, 
235 and 250, receives a metal contact at its top. Accord- 
ingly, the via hole 235 in contact with the extrinsic base 
polysilicon 230 receives a base metal contact 260. The 
base metal contact 260 thus acts as a contact point for 
electrical communication with the extrinsic base polysili- 
con 230. Likewise, the emitter via hole 250 receives an 
emitter metal contact 265. The emitter metal contact 265 
thus provides a contact point for electrical communication 
through the emitter via hole 250 with the emitter polysili- 
con 240. The metal contact may be, for example, alu- 
minum, tungsten, copper, or any other metal suitable for 
forming a metal contact. 

[0022] As can be seen, the above described procedure is an ex- 
ample of a conventional bipolar processing from shallow 
trench to metal layer. However, it should be noted that the 
invention is compatible with many other types of bipolar 
processing methods well known in the art. Thus the 
method described above is used only for illustration pur- 



poses. 

[0023] Referring to Figure 3, tlie metliod includes tlie structure of 
tlie HBT sliown in Figure 2 being "flipped" over so that the 
base metal contact 260 and the emitter metal contact 265 
are at the bottom of the structure, and the silicon sub- 
strate 205 is at the top of the structure, to being flipped 
over, the second oxide layer 270 is deposited on the base 
metal contact 260. structure is then "flipped" over and the 
second silicon substrate 275 is bonded to an oxide layer 
forming part of the oxide layer 270. the HBT structure is 
bonded to the second oxide layer 270 at the base metal 
contact 260 and emitter metal contact 265. This particular 
process is based on direct fusion of wafer-level oxide-ox- 
ide based bonding in which no nonstandard materials 
(such as adhesive interlayers) are introduced to ensure 
compatibility with conventional semiconductor process- 
ing. 

[0024] Such bonding method is well known in the art, and usually 
consists of the following processing steps: surfaces of the 
thermally grown oxide films are at first pushed together 
at room temperature to bond one to another, after which 
the heat treatment is carried out in order to form covalent 
bonds and thus strengthen the bonding between the two 



interfaces. Wafer bonding lias become virtually standard 
in SOI substrate preparation SOI substrates made by wafer 
bonding are available commercially (see for example 
SOITEC: www.soitec.com) and is used extensively for 
MEMS device fabrication, applications that tolerate high 
temperature processing (often >1000 "C). lower tempera- 
ture processing cycle (<500 "C) can be accomplished by 
optimized bonding protocols using variety of surface 
preparation methods in order to provide adequate surface 
smoothness and flatness, surface cleanliness, and surface 
reactivity of the joining oxide surfaces, surface prepara- 
tion methods may include but are not limited to chemical 
surface pre-treatments, plasma-based pre-treatments 
annealing cycles for defect reduction and CMP processes 
for enhanced interface smoothness. 
[0025] Another bonding method based on incorporation of adhe- 
sive interlayers may also be used in creation of HBT struc- 
ture, bonding is accomplished by depositing an interme- 
diate layer on one or both of the bonded surfaces, con- 
tacting the two wafers, and applying temperature 
(processes using temperature below 400° C are available) 
and force (up to 40kN). Wafer level using low-k dielectric 
glues as bonding agents have been reported for 3D ICs 



applications, all these bonding methods, a variety of pa- 
rameters can be adjusted, such as choice of ambient, ap- 
plied pressure, temperature, and surface pre-treatments. 
or all of these parameters need to be employed in order to 
create a strong, void-free bonding. 

[0026] Independently of the bonding method used the final 

structural configuration consists of the HBT sandwiched 
between the first silicon substrate 205 at the top of the 
structure, and the second silicon substrate 275 at the 
bottom of the structure. 

[0027] Referring to Figure 4, the first silicon substrate 205 is re- 
moved by any of the methods well known in the art for re- 
moving silicon layers such as grinding or chemical me- 
chanical etching (CMP), for example. After the first silicon 
substrate 205 is removed, the buried oxide layer 210 is 
next removed. The buried layer 210 may be removed by 
any of the methods for removing buried layers well known 
in the arts such as, for example chemical etching. After 
the first silicon substrate 205 and the buried layer 210 are 
removed, the oxide regions 215 and the collector 220 are 
left exposed at the top of the HBT structure. 

[0028] Referring to Figure 5, after the first silicon substrate 205 
is removed, an optional implant step may be performed to 



tailor the collector 220 and collector contact surface using 
methods well known in the art. A silicide layer 285 is op- 
tionally deposited over the collector 220. The silicide layer 
285 provides a low resistance layer for further electrical 
contact to the collector 220. Once the silicide layer 285 
has been deposited, an oxide 280 is deposited over the 
first oxide 215 and the silicide layer 285. 

[0029] Referring to Figure 6, after the third oxide layer 280 is 
formed, via holes are etched to provide electrical contact 
to the SiGe base region 265 and emitter polysilicon 260. 
In particular, a base contact via 290 is formed by etching 
a hole through the third layer 280, the first oxide layer 
215, and the passivation layer 272 to make contact with 
the base metal contact 260. An emitter contact via hole 
295 is also etched through the oxide layer 280, first oxide 
layer 215, and the passivation layer 272 to make contact 
with the emitter metal contact 265. Once formed, the base 
contact via hole 290 and the emitter contact hole via 295 
are metalized and thus provide electrical contact to the 
base metal contact 260 and the emitter metal contact 
265, respectively. 

[0030] Referring to Figure 7, a collector via 300 is formed by 

etching a via hole through the oxide 280 to make contact 



with the silicide layer 285. The collector via hole 300 is 
metalized and thus provides direct electrical contact 
through a metalized pathway to the collector 220 from 
what is now the top of the HBT structure. As can be seen, 
the collector via 300 thus provides a short electrical path 
to the collector 220. By positioning the collector via hole 
300 and the collector 220 at the top of the HBT structure, 
the need for a sub collector is eliminated and a relatively 
short pathway to the collector 220 is provided. Accord- 
ingly, parasitic resistance along the buried layer or so sub 
collector is eliminated. Additionally, well to substrate ca- 
pacitance and device-to-device leakage current can be re- 
duced or eliminated. 
[0031] Referring to Figure 8, a base metal contact 305 is de- 
posited on top of the oxide 280 and in contact with the 
base contact via 290. Also, a collector metal contact 310 
is formed on top of the third oxide 280 in contact with the 
collector via 300. Additionally, an emitter metal contact 
315 is deposited on top of the third oxide 280 in contact 
with the emitter contact via 295. After the base metal 
contact 305, collector metal contact 310 and emitter 
metal contact 315 are formed. A passivation layer 320 is 
formed on the layers 315, 310, 305 and 280. 



[0032] Figure 8 shows a completed structure of an embodiment 
of the invention. Describing the embodiment from the 
bottom to the top of the device, as shown in Figure 8, the 
lower portion of the device includes what is referred to as 
a second Si substrate 275. On top of the second Si sub- 
strate 275 is deposited an oxide layer 270. Deposited on 
the oxide layer 270 is a base metal contact 260 and an 
emitter metal contact 265. Each of the base metal contact 
260 and emitter metal contact 265 extend across a por- 
tion of the oxide 270. On top of the base metal contact 
260 and the emitter metal contact 265 and also in contact 
with a portion of the oxide 270 between the two contacts, 
is a passivation layer 270. In an upper portion of the pas- 
sivation layer 270 is the active region of the device. 

[0033] An emitter polysilicon layer 240 is disposed in the upper 
portion of the passivation layer 270. Surrounding a por- 
tion of the emitter polysilicon area 240 are oxide regions 
245. Surrounding oxide regions 245 is an extrinsic base 
polysilicon layer 230. Each one of these layers makes con- 
tact and is partially surrounded by the passivation layer 
270. Making contact across the top of the extrinsic base 
polysilicon 230, oxide region 245 and emitter polysilicon 
240 is a SiGe base region 225. On top of a portion of the 



SiCe base region 225 is the collector 220. Disposed on 
top of the collector 220 is a silicide layer 285. The collec- 
tor 220 is disposed on top of the SiGe base region 225 in 
such a manner that the collector 220 covers only a portion 
of the SiGe base region 225. Additionally, the collector 
220 may be deposited to cover the entire top of the SiGe 
base region 225. 

[0034] Deposited on the exposed portion of the SiGe base region 
225 and surrounding the collector 220 is a first oxide 
layer 215. The first oxide layer 215 is formed through 
processes such that the top of the first oxide layer 215 
and the top of the collector 220 are substantially level 
with one another. On top of the first oxide 215 and sili- 
cide layer 285 is disposed a third oxide layer 280. On top 
of the third oxide layer 280 is an emitter metal wire 315 
covering a portion of the third oxide layer 280, a collector 
metal wire 310 covering a portion of the third oxide layer 
280, and a base metal wire 305 covering a portion of the 
third oxide layer 280. 

[0035] The device also contains various vias which are at least 
partially filled with a conductor, for example, the surface 
of the vias may be metalized. An emitter contact via 295 
extends between the emitter metal wire 315 on top of the 



third oxide 280 and tlie emitter metal contact 265 on top 
of the oxide layer 270. Accordingly, the emitter contact 
via 295 passes through the third oxide layer 280, the first 
oxide layer 215, and the passivation layer 270. A collector 
via 300 extends between the collector metal contact 310 
and the silicide layer 285 passing through the third oxide 
layer 280. An emitter via 250 extends from the emitter 
polysilicon 240 to the emitter metal contact 265 passing 
through the passivation layer 270. A base via 235 extends 
from the extrinsic base polysilicon 230 to the base metal 
contact 260 passing through the passivation layer 270. A 
base contact via 290 extends between the base metal 
contact 305 on top of the third oxide layer 280 and the 
base metal contact 260 on top of the oxide layer 270. 
Thus, the base contact via 290 passes through the third 
oxide layer 280, the first oxide layer 215, and the passi- 
vation layer 270. 
[0036] Referring to Figure 9, another embodiment of the inven- 
tion is shown having a direct path to the base. The em- 
bodiment of Figure 9 may be formed where the path in- 
cludes a base via hole 410 formed through the third oxide 
280, the first oxide 215 and in contact with the SiGe base 
region 225. The base via hole 410 is at least partially filled 



with a conductor. A base metal contact 405 is formed on 
top of tlie tliird oxide 280 in contact witli tlie base via 
liole 410. Accordingly, the SiGe base region 225 can now 
be electrically accessed from the top of the HBT structure 
through the base metal contact 405 and the base via hole 
410. The top of the structure is then covered with a passi- 
vation layer 320. It should be noted that this layout may 
be more compact, but also requires a p-type dopant using 
methods well known in the art. 
[0037] While the invention has been described in terms of exem- 
plary embodiments, those skilled in the art will recognize 
that the invention can be practiced with modifications and 
in the spirit and scope of the appended claims. 



